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Q start ^ r ^ ^ 



1 c\ 



For each translation unit i, create a graph 



^1 



Set global graph P by merging all p £ . 



Find fixed point solution S. 



3°H 



Create local solutions s,- such that 5 E s t for all /. 



Use local solution j,- for optimizing translation unit 



( end FIG. 3 
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Function 


Function (x,y) 


Hip ^ TOP 


(PURE,PURE) 


HZo ^ COPY 


<y,y) 


-IN_TO_LOST 


it y<i => (LOST,LOST) 
otherwise => (PURE,PURE) 


~ UNRETURN 


if y=LOST => (LOST,LOST) 
otherwise => (z,z) where z=;y y 01 


- COPY_AND_IN_TO_LOST 
%g ^CAT_FORMAL 


ify<I=>(L0ST,L0ST) 
otherwise => (y,y) 
(y,PURE) 


. a/ ~cat actual 

HJO 

H*&0 / *" CATE 


(PURE,y) 


if jc=LOST =» (LOST.LOST) 
else if x<R=» (z,z) where z = (xU 01) n y 
else (z,z) where z = (xU 01) 
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FIG. 5 C Start L O w ER_EDGE(M,i^/P )^£o 



Is there an edge u—>v in the graph? 



f\0 



no 



Create edge u—¥v 
Set FUN[w^v] := TOP 



yes 



Set FUN[w-*v] := FUN[w^v] n f 



c end y ~sw 



(" start LOWER_VERTEX(v r x) ) ^ (,o\ 



\ 


/ 


Set VAL[v] := VAL[v] n ( x,x); 


\ 





FIG. 6 C end V &g 



startADD EDGE 



70S 



) 



v = NIL? 



no 



no 



u = NIL? 



no 



7L0 



INDEX(w)? 



>0 



INDEX(v) = -3? 



740 



no 



yes 



yes 



lis 



> Set VAL[v] := LOST 



-3 (gate vertex) 



f :=/*UNRETURN 




S 



> /:=/.GATE 



± I 



71 a 



w=v and/=COPY? 



no 



Invoke method LOWER EDGE 
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Vtf end y < 



\1/ 

x := PURE 



Wo 



€10 



± 

Does the effect include a write? 



yes 



Set x:=x^O 



no 



Does the effect include a read? 



yes 
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Set x := jtn I 



no 



■no 

indirect through pointer p 



Form of lvalue'? 



$2* 



Is VERTEX(p)=NIL? 



no 



Set v:=VERTEX(p) 




variable 



Is variable local? 



es 



no 



Set v to implicit parameter 
vertex of containing routine 



Invoke LOWER_VERTEX(v,jc) 



yes 



end 



± 

Is BASE(V) the address of a variable W? 



no 



M/ y— 



yes 



Set v:=VERTEX(V) 
Set /:=COPY 



yes 



Set v.-VERTEXfWJ 
Set /:=IN_TO_LOST 



Invoke ADD_EDGE(m,v,/) 



Is W a local variable? 




no 



Set v:=vertex for implicit parameter 
Set /-COPY n IN_TO_LOST 



107 



( end )^ ^<\°\ 
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(xi,yi) 




VERTEX(U) 




void F() { 

extern int * G( int* ); 
U = G(V); 




(X 2 ,y2> 



CAT ACTUAL 



CAT FORMAL 




(X 3 ,Y3) 



GATE 





COPY 
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// Translation unit #1 

int* f( int* a, int* b, int n ) { 
int *c = a; 
if ( n>0 ) { 

int* d = a+1; 

int* e = b+l; 

int* z = f( d, e, n-1 ); 

c = z-1; 

*c = *b; 

} 

return c; 

I 



// Translation unit #2 

extern int* f(int* a, int* b, int n ); 

void g( int* p ) { 
inty[10]; 
f( &y[0], p, 10 ); 

} 
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Translation Unit #1 


Source line 


Action 


(entry into f) 


Add [@a,-2] ->[f,0] 
Add[@b,-2] -»[f,l] 


int *c = a; 


Add[@c,-2] -> [@a,-2] 


n>0 


None 


int *d = a+1; 


Add [@d,-2] -> [@a,-2] 


int *e = b+1; 


Add [@e,-2] -> [@b,-2] 


int* z = f(d,e,n-l) 


Add [@z,-2] -> [@0,-3] -> [@d,-2] 

Add [f,0] -> [@0,3] 

Add [@z,-2] -> [@l,-3] -> [@b,-2] 

Add[f,l]-»[@1,3] 

Add[f,-l]->[f,-l] 


c = z- 1 ; 


Add [@c,-2] -> [@z,-2] 


*c = *b; 


Lower VAL[[@c,-2]] to 0 
Lower VAL[[@b,-2]] to I 


return c; 


Lower VAL[[@c,-2]] to R 




Translation Unit #2 


Action 


Action 


int *p = &x[0]; 


None 


for( int i=0; i<10; i++) 


None (no pointer assignments) 


*p = i; 


Lower VAL[[@p,-2]] to 0 


p=p+l 


None (edge omitted by self-loop rule) 


c = z-1; 


Add [@c,-2] -> [@z,-2] 
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